Art. IX .—Photographic Charting of the Heavens. 
By R. L. J. Ellery, F.R.S., F.R.A.S. 

Goverumeut Astronomer, Melbourne. 


■Read July 9, 1891.] 


The iinineiise help to aytroiiomy promised by photography, 
was fully recognised in the earliest days of the practical 
application of the art, and no sooner had Arago explained to 
the French Acadera 3 ' of Sciences Daguerre’s discoveries in 
August 1839, than Dr. J. \V. Draper, of New York, applied 
them to astronomical ]nir[)oses, and the following 3 "ear 
presented to the New York L 3 ^ceum of Natural Sciences, the 
first astronomical photograph ever taken, in the shape of a 
Daguerreot 3 pe picture of the moon, which wa^* one inch in 
diameter, and requii-ed an exposure of twent 3 ' minuter 
duration. Dr. Draper and others followed up this early 
experiment, but the low sensitiveness of the plates then in 
use, and other difficulties, confined the results to the 
category of somewhat unsatisfactoiy experiment for several 
years. ^Ye find some sun pictures were obtained in Paris in 
1845, and in the same year, pictures of the stars Yega and 
Castor were secured 83 ^ Bond of Cambridge, U.S.,and of the 
moon 1 ) 3 ' the same astronomer in 1850. These experiments, 
although far from satisfactory, indicated great pos.sibilities, 
supposing improvements in the art took place. Warren de 
la Rue, in 1851, made the first substantial advance, which 
was rendered possible b 3 ' the discoveiy of the collodion 
))roce.ss. From this time onward.s, astronomical [diotography 
made steady progress, and gave most valuable assistance in 
the total eclipses since 1854, and on the occasions of the 
transits of Venus in 1874 and 1882. For the pur[)ose of 
recording the a])parition, development, and duration of 
sun spots, photograph 3 ^ has given inv^aluable help, and since 
1858, j)ictures of the sun have been obtained eveiy fine da 3 % 
first in England onl 3 ', but latterly in man 3 ^ parts of the world, 
Photographs of the moon, of exquisite delicac 3 ', are now 
common, and almost a commercial commodit 3 '. 
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Photographs of tlie planets and stars ha^'e hitherto been 
obtained unsatistactorily, and with considerable difficulty, on 
account of their small amount of light compai’ed with the 
sun or the moon. With tlie sun the light is so intense, that 
the difficulty is to obtain an exposure sufficiently sliort to 
avoid destroying the sensitive surface, and with tlie moon 
even a second or two is enough for telescopes of modeiate 
dimensions. The apparent motion of these bodies in that 
space of time, is also so small as to require no veiy special 
contrivances to compensate for it. With stars and ])lanets, 
however, where the light is but an insignihcant fraction of 
even that of tlie moon, the time of exposure has to be so 
much prolonged, that the earth’s diurnal motion renders good 
photographs quite impossible without the most delicate 
mechanical means for keeping the telescope pointed precisely 
and witliout the least deviation, on the star or planet for 
many minutes, or even hours. For this reason, although 
many efforts and experiments have been made in this 
direction, it is only comparatively recently that the great 
difficulties presented have been so lar overcome as to bring 
this department of astronomical photography within the 
realms of practical work. The first important step towards 
tins end, was the invention of the gelatine bromide plate, 
with its wonderfully sensitive film, reducing many times the 
period of exposure required for the old collodion plates ; and 
secondly, the devising of driving clocks for equatorial 
telescopes, with automatic controlling appliances, so 
accurately constructed that the telescope follows the motion 
of a star so precisely, that a plate ex})osed on a grou}:> of 
stars for an hour, will show each star as a distinct and i ound 
black spot, of a size proportional to the star’s brightness, 
instead of a black line, which would result if the motion of 
the telescope did not exactly correspond with the motion of 
the earth; and fainter stars, quite invisible to the naked eye, 
either in the sk}^ or on the plate, are seen Tuuler the 
microscope as minute and absolutely round black spots, 
showing unmistakably the accuracy of the movement of the 
telescope. These two improvements have made it })o.ssible 
to extend the use of photograph}' to one of the most 
important branches of astronomy, that of cataloguing and 
charting the stars. 

Immediately after the introduction of the gelatine films 
in 1883, we tj‘ied to get some star ph(ffogra])hs with our 
great telesco])e, with only partial success, owing chiefly, J 
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believe, to the <litHeiilty of getting the necessary sinootli 
and unitbi-in motion of the telescope. >Still, some of tlu^ 
photogra])iis, viewed in tlie light of onr present experience, 
are of higli promise and encourage furtlier expeiiments. 
Some prints from tliese ))liotograplis are on the table. Tliese 
were taken with some of the early gelatine plates made by 
Edwar<ls in London. X photogiaph print of the grou]) 
Kappa Cracis, will he found interesting to compare witli 
a ])rint obtained from a ])liotograpl] of the same object 
taken with the astrogra[)hic telescope. 

The first photograph of a neljula taken in the Soiitliern 
Hemisphere, was ol»tained with tlie gi’eat ]\lelV)onrne 
telesco])e in Fel)ruary 18<So. 

Star photography reached tlie stage of ])ractical success in 
the liands of the brothers Henry, of Paris, in 1885. Tlie 
Paris Observatory had been for a long time engaged in 
preparing elaborate charts of the heavens by the ordinary 
methods of eye observ'ation, but on coming to the regions 
covered by the milky way, it became evident that by such a 
method tlie work would extend over an iin])racticably long 
period ; they therefore decided to try tlie photographic 
method, and after numerous experiments, lioth with respect 
to ojitieal and mechanical means, as well as jihotographic 
processes, they constructed a special instrument with which 
they succeeded beyond their most sanguine ex]iectations. 
The jihotograplis depicted a great number of stars not visibh^ 
in a telescope of the same dimensions, and it was soon found 
that the number of stars impressed on tln^ ]ilate for any 
partieiilar region, increased almost ad Injiaitaiii with the 
time of exposure of the jilates. Some very important 
discoveries of celestial objects at once lesulted, many 
interesting physical facts were revealed, and a new and 
powerful metlmd of astronomical research estaldishcd, which 
opens up an immense range of possilnlities. 

The Henrys’ instrument was a double telescope e(iua- 
torially mounted, one telescope to be used as a guider, and 
the other as the photogiaphic camei’a, both rigidly connected 
and moving together. The winkle was made to follow the 
diurnal motion of the earth by clock work mechanism in tln^ 
usual manner, the exception being that this part of tla* 
instrument was fitted for more accurati; and uniform motion 
than is ordinarily the case. The photogra])hic object glass 
was loT in(di(‘s in diametei*, and 13 feet focal length, while 
the guider telescope had an object glass of less diameter, but 
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equivalent focal length. This latter telescope is used 
to keep the instrument ])ointe(l always exactly on the same 
point in the sky, b}' watching a selected star, which is 
bisected by the spider web cross in the field of the telescope, 
and by requisite adjusting motion, kept exactly bisected 
during the whole time of exposure. A photograph of the 
Pleiades, obtained by- the bredhers Henry, exhibited 1421 
stars, and a small nebula around one of them, which had 
never before been seen or suspected, A chart of this groiq>,. 
which had occupied an observer three y^ears and four months, 
contains (i71 stars, so that one hour’s i^hotogi'aphy^ gave the 
]K)sition of 1421 stars, agaii:»st G71 in three y^ears and four 
months by- eyo observation. 

So remarkable a success encouraged the Director of the 
Paris Observatoiy, Admiijd Mouchez, to address a circular 
to astronomers all over the world, .suggesting that a complete 
charting of the heavens should be undertaken, as an 
international work, hy^ the various national observatories. 
The proposal being favourably i-eceived, an invitation wa^ 
issued to all astronomers to attend a conference on the 
pi'oposal, to meet in Paris in April 1887. Fifty-eight 
asti-onomers attended this congre.ss, Australia being repre¬ 
sented by inv colleague, Mr. Russell, of Sydney Observatoiy. 
The congress agreed to the main proj)ositions and passed a 
series of resolutions on most of the vital points, leaving the 
further consideration of details to several selected committees. 
Several meetings of members of the congress have since been 
held, the last being in Alarch of the present y^ear, when nearly^ 
all the minor points left to the committees Avere settled, and 
Admiral Alouchez declared the woik of the international 
astrogiaj)hic charting of the heavens had now commenced. 

The earlier resolutions fixed the dimensions and optical 
characters of the [diotographic telescopes, the size and kind 
of ])hotographic plates, times of exposure, and magnitudes of 
the stars to be secured on the plates. Subsequent decisions 
allotted particular portions of the heavens to each partici¬ 
pating obsei’vatoiy, numbers of plates to be expo.sed to each 
two square degrees of the .skies, and so on. Questions 
concerning the after measurements of plates and final 
formation of charts and catalogues remain still to be 
disposed of. 

The summation of the work of the congre.ss is bi iefly' as 
follows :—It was agreed to undertake a photo, chart of the 
heavens of all stars down to the 14th magnitude, as they 
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will be ill the year 1900. Each participating observatory is 
to provide itself with a twin telescope, eqiiatorially mounted, 
one for ])hotogra})h camera, having an aperture c‘f 39 centi¬ 
metres (lo t inches), and a focal length of 3‘5 centimetres 
(13 feet), the other of about the same focal length, but of 
less aperture. The photographic object glasses were to be 
specially constiucted with curves calculated for the wave 
lengths near the Fraunhofer line G. The exact form and 
dimensions of the twin guide telescope were left to the 
several observers participating. Gelatine bromide jilates, (jj 
(IGG millimetres) square to be used (particular make, left 
also to observers). The.se plates cover a little over two degrees 
square at the equator. Two sets of plates to be exposed, one 
for the catalogue to secure all stars down to the 11th 
magnitude, the other for the chart to contain all stars down 
to the 14th magnitude. Each set of plates to consist of two 
series, one to cover every successive 4 square degrees, and 
the other to cover the junction of four contiguous plates in 
such a way that its four corners correspond with the centres 
of the.se four contiguous plate.s. Eighteen observatoi ies take 
part in the undertaking—eleven in the Northern, and seven 
in the Southern Hemisphere. For division of the woik 
among these, the sky is partitioned into zones, and certain 
zones given to each observatory in such a way that no 
observatory will have to work very far from the zenith. 
Melbourne has the greatest lunge in this respect, as the 
zones fi-om G5 degrees south to the pole are allotted to our 
Observatoiy, which gives us a zenith distance of 52 degrees. 
This was unavoidable, as Melbourne is the most southern of 
the very few observatories in the Southern Hemisphere. 
For every plate in each zone, a guide star has to be 
previously selected, and it was decided by the congress 
committee that such guide star must be within 22 min. of 
arc from the centre of the plate to which it be]ong.s. This 
guide .star is used as already described, and its position has 
to be exactly determined by transit observation to establish 
a date point to which all stars in the photograph have to be 
referred in the final measui-ements. The determination of 
these guide stars is in itself a great work, for although the 
po.sition of a considerable number have already been well 
determined, and are to be found in existing catalogues, 
especially in the Northern Hemisphere, there are still a very 
large number of plates for whicli guide stars hav'e to be 
found, and positions determined. To cover the whole of the 
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sky with two sets of plates, will require nearly 42,()()() 
plates; the Melbouiaie zones will require 2298. 

It has been found that the gelatine tilnis of the plates 
son]etimes shrink unequally in drying after development. 
Such a thing would of course vitiate the subsequent 
ineasniements of the staus’ positions as shown on the plates. 
To obviate this, the following plan has been ado})ted : —A 
glass plate exactl}" the same size as the pliotographic plate, 
(ij X (ii, is silvered on one side. This silvered surface is 
ruled into squares by extremely fine lines, five millimetres 
apart; the lines show as clear glass, and allow light to pass 
through. Each photographic plate before being used is 
placed in contact with this ruled plate and expo.sed foi a 
second or two to parallel rays of light, which, j)assing 
through the rulings, impress a latent image on the film, and 
when developed after exposure to the stars in the telescope, 
exhibits the stars on a jdate traversed by a network of 
extremely fine line.s. If, now the.se lines are exactly five 
millimetres apart after the film has di-ied, it shows that 
there has been no distortion in shrinkage; if not, the 
amount of shrinkage can be measured. The silvered and 
ruled plate is called “ the reseau,” and every plate, before 
being used for charting, has to be exposed to the reseau as 
described. 

Having explained the general scheme, I propose now to 
give a brief description of the arrangements made at our 
Observatory for the Melboiii’iie ])ortion of the work. The 
eongre.ss left it to the .several astronomers to get their telescopes 
constructed on any jjlan and by any maker they cliose, 
stipulating only that the })hotograph telescojies should all 
be of tlie same optical character and dimensions, viz., thirty- 
three centimetres aperture, and thirteen feet focal length, 
and the object gla.ss to be coi-rected for the wave length 
about O. Several instruments were made in E5n-is, some in 
Oermany, and some in America. Tho.se for British and 
Australian observatoi’ies we> e made by Sir Howaid Grubb, 
of Dublin, and ours is one of the.se. It consists of a twin 
telesc()])e on a massive equatorial stand of the German form, 
with an unusually long declination axis to allow of ])lenty 
of room about the eye end when the telesco])e is ])ointed to 
tl)e mei-idian Both the pliotograph and guidei’ telesco})es 
are made with strong steel tubes connected one with another 
in a most rigid manner. The j)lK)togra])hic telescope is 
])i-ovid(‘d with a metallic ])late holder, having all necessary 


Pli()fo(fr((i)hlc ChartnKj of f]i‘> Heavens, 




adjustments, ami with a shutter to cover the ohject glass, 
which can be worke<l easils^ from the eye end. The gnider 
telesco])e has an object glass of ten inches opening, and 
thirteen feet focal length, and is fitted with a micrometer, 
with long range .slides and an electric lamp apparatus for 
illuminating the spider webs in the eye piece, and for 
illuminating the vaiious setting cii-eles, scales, kc. Eveiy 
means for setting, clam]>ing and moving ai-e found within 
convenient reach of the hands, when the eye is at the guider 
telescoiie. The whole of the moving y)ai-ts, which amount 
to nearly two tons, are so balanced and countei’poised as to 
be operated wdth the greatest ease, and kept in rotation by 
the clack woi-k with wonderful smoothness and precision. 
Nearl}" everything depends on the precision with which the 
clock moves the telescope, so as to keep the stars ap])arently 
stationary in tlie field of view. Tor this pnr})ose. Sir H. 
(friibb has devised a very beautiful arrangement, Avhich, 
however, is very difficult to describe wdthout models. The 
mechanism consists first of a j)Owei-ful clock gear, dri\’en by 
a heavy weight and controlled by a j)eculiar kind of govei*noi’. 
This clock work alone drives the telescojie, so as to follow 
diurnal rotation very closely, and will keep a star for an 
hour together in the field of view of the telescope, but does 
not control it so accurately as to keep a star bisected on a 
single spider line in the eye ])iece of the guider. To secure 
this, the maker has made a special electric conti-olling 
a])])aratus, which may l>e thus described:—The driving 
clock being adjusted to go as accurately as possible, one of 
the astronomical clocks in the Ol)servatory is made to send 
a momentary galvanic current e\'ery second to an apjiaratus 
attached to the driving clock, called the detector. This is a 
wheel driven by the clock rotating in forty seconds, having 
three series of contact teeth on its periphery ; pressing on 
these teeth are three s])rings electrically connected with 
another apparatus called a “ distributor,” whicii consists of 
three pairs of electro magnets o])erating a lever cap.able of 
moving right oi left and making contact with platinuni 
points, or of being held in a central jiosition by the central 
electromagnet. The action is this:—The driving clock is 
set going, and the astronomical clock made to send its 
momentary currents every second through th(‘ detector to 
one or other of its thris'; sjirings; if through No. 1, the dis¬ 
tributor instantaneously imwes to the left platinum point; 
if through No. 3, to the right, and if through No. 2 to the 
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central electro inaonet, keeping the lever neutral. Now, if 
the driving clock moves the telesco])e accurately, the 
astronomical clock current ariives at the moment the 
detector is making contact with the central spring No. 2, 
and the distributor remains neutral ; if, liowever, the 
diiving clock goes a little too fast, the current ])asses 
through No. 1 spi'ing, and the distributor makes contact 
with the lelt platinum point, and if it goes too slow, the 
current passes through No. 3 spring and moves the 
disti-ibutor to the right platinum point. This works so well, 
that if the tele.sco])e moves of a second too fast, or too 
slow, it is immediately detected, and works the distributor. 
Now the “distributor” distributes anothei- battery cinreJit to 
a little mechanism called an accelerator and- retarder, whose 
offices are respectively to accelerate or retard the driving- 
clock by very small amounts, according to the operation of 
tlie distributor, which is instructed, if tme may use the 
word, by the detector. this means the telescope can be 
kept following the stars so accurately that any one bisected 
by the micrometer sjnder web, will remain there for an hour 
or more together. The accelerator and retarder ap])aratus 
is composed of a pair of accurately constructed epicyclical 
trains, which cannot be described without models or 
com|)licated drawings. Besides these regulators, which 
are automatically worked as described, there is another 
pair woi-kable by a hand key with two studs, and battery, 
so that by pre.ssing one stud it operates the retai<ler and 
the other the acceleiator. 

The following will give a fail- idea of the actual work of 
photographic charting :—The jiai-ticular parts of the zones 
to be photogi-aphed on a night are arranged beforehand, 
and the guide stars for eacli plate selected. The dome being 
o])ened up and driving clock set going, tlui observer sets the 
instrument on the guide stai-, and as soon as the telesco])e is 
found to be steadily following, an assistant brings the plate 
holder armed with a photographic jilate and in.serts it into 
the jilate holder frame of the telescope. The time of 
ex})Osure being ])reviouslv settled upon, the observer as soon 
as all goes (piite steadily, o})ens the exposing shutter, 
keejiing liis eye constanth^ on the guide star, which is now 
bisected at the cross of the sjiider weKs. The time of 
opening the shutter is noted, and at the ex])iration of the 
fixed time of exjiosure, as shown by an astronomical clock 
in the observing room, the assistant wai-ns the ol).server, 
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Avlio iii.stiintly closes the sliiitter. During tlie whole time, 
ten, twenty, forty or sixty minutes’ ex})6sure, the ohserver 
has to rigorously watch the star and spider wehs, and check, 
b}’ means of the acceleiator and retai-der hand key, any 
tendency to leave the intersection, and al)solutely to keep 
the intei-section bisecting the star during the whole exposure. 
Any failure in this respect results in tlie photographic images 
of the stars being " elongated or oval, instead of rouiid, 
making them difficult for measurement. One ])late being 
thus e.xposed it is removed, and the instiaunent set on the 
next guide star, and so on. All changing of plates has of 
cour.se to be done in the dai’k room, and the observing room 
itself must be kept moderately dark during the exposure. 
The development of the ])lates with us is usually done on 
the following day. 

So far as the Melbourne Ob.servatory is concerned, none 
of the regular charting has been commenced yet, although 
for foul' months past we have been busdy engaged in 
necessai'y }»reliminai'y and ex])erimental work. It was not 
until the end of March that the Central Congress detinitel}^ 
decided many of the ])rincipal (questions, and the final 
instructions have not reached us even y*‘t, nor indeed have 
the Reseaux, fcc., and the a}i|)liafices for their use. Never¬ 
theless, thei'e are so many preliminary difficulties to be 
surmounted, and so much to learn I'egai'ding the effects of 
varying atmospheric con<litions on the photographic j>rocess, 
and es])ecially as regards time of exposui'e, that there has 
been no time actually lost yet. The work will occupy 
several years—rive at least, and ])robably more. Concerning 
the more pin-ely photographic part of the work, the relation 
of magnitudes of the stars to the size of their jdiotographic 
images on the jilates, and the effect of fluctuatiug conditions 
of the atmo.s])here, I hope to be able on some future occasion 
to conti'ibute some intei-esting facts. 



